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ABSTRACT

Experimental data have beeun genciated one an
Eagle-Picher 50 Ah, 1PV Ni-b 1, cell under
various  cxperimental  conditions These
conditions included discharges and ¢ harges at
different currents and tempcistwes, inordo to
determine the effect of these ont he ¢ lhsrpeand
discharge efficicncics Of the Ni-tl,.  Sucthi a
database, hither to not available in thliteratone,
should provide considerable suppo i to the
modeling effort in terms of dootifving
appropriate values for the model pataiztas ‘Lhe
charge behavior points toanmscicsting
possibility of examining the multiplephase of
the positive clectrode active ruatoial - “Jhese
sludics have been augmented by the sunulaions
fiom our mathematical model,

1.0 Introduction

Prediction of battery per format e thioaph
simulated tests using appropriate iz hematcal
models would provide useful poidelines fr @
proper management Of & power subsy stanon @
spacecrafl, JPI. has been involved for the past
fcw years in the development of mizi hematical
models for acrospace scaled nicket-cacimumand
nickel-hydrogen rechargeable cells'  “I'he czilict
versions have been built aroundthc (parous
clectrode) cell models developed at ‘L evac A & M

University’, Utilizing themactohowgenous
approach  of Newman, * Vaniovs  agl S
addressed in the cell modelinclude 1) inateisal
balance for the dissolved S ics
generated/consumed by the elect v ox her ical
rcaction and transported by diflusion  and
migration, 2) variationsin the cle 1o le porosity
duc to differences in the miolar volu i of the
reactants and products, 3)chmagesinthe
clectrochemical potential in the solid jhise win
the clectiolyte, 4) charge transfi  kin [its
through a modified Butler-Volme rail, cauinon,

5) principles of conscrvation of charge in the
clectiocheneal  cell,  and  6) effects  of
intercalation and slow diffusion of protons into
the positive clectrode.  The recent models
developed in conjunction with the Univ. South
Carolina arc based on the assumption of a
homogencous rcaction rate (as in a planar
clectiode), which is justified by a relatively
insignificant ¢ffect of the mass transfer processes
in the clectiolytle phase. Some of the
i mprovements made at JPL. in translating the
basic cell model into a useful battery engincering
toolinclude 1) a translator routine, i.e., a design
routing conlaining the clectrode/cell
manufactures’s  design details  to permit
simulation of any cell 2) a charge definition
routine containing, operational data Jilts which
alow the implementation of any discharge and/or
charge protocol, and 3) allowance for multi-cell
configurations in the model in order to predict
the thenmal and electrical characteristics of a Ni-
} 1,battery* Fur thermore, the 1ecent model takes
into account the existence of two phases of
positive active material, i.e, ff and y forms of
NiQOH and the corresponding reduced forms, 8
and «-Ni(O11),, for amore accurate prediction of
the dischiarge and charge behavior.*The model
thus permits discharge/charge of any given cell
under any specified test conditions, such as at
constant cutrent, constant voltage or constant
power, with limits of either time, vohagc/current
or temperature.

in order to verify the capability of the above
baticry model to predict the performance under
various ftest conditions, such as at different
charge and discharge currents and at
temperatutes, experimental studies have been
made. onanlPV SO Ah Ni-ll; ccll. Here, wc
present sonic of the experimental data with the
1PV 50 Ahcell under various test conditions
outl inced below.  Also, the cell behavior is
predicted under similar conditions using the



above mathematical model foracomprison with
the experimental data.

2.0 : Cell Design Details

The Ni-H; cell for the experimental « nidics was
supplied by Eagle Picher Iuc, Joplu, Missouri,
The cell was built on ‘rabbit car, nint ¢l design
and contains 40 positive (NiOQOH ) andneg-tive
(hydrogen) clectrodes.  The mickel clectiodes
were made with sintered (from sluesy ) Ny plagucs
into which the active material was incorpo aled
by aqueous clectrochemical N ICE TGO IO eSS
10 total thickness of 0.03”. I he hydregen
clectrodes arc standard flight-type Qecitocaté Ivtic
gas-diffusion mcimbrane clectiodivs of 04057
nomina thickness. The separator i« stan.iard
Zircarintwo layers. The cell iS stacke dan buck-
to-back arrangement. The gas scieens arenon-
woven polypropylene Of 0.024” thick -, The
cell is equipped with a strawpanpc  for
monitoring the changes inintcrnal pressre,
Afier normal activation, conditioning andA'IP
(Acceptance Test Procedure) testing, the ccll was
in storage for about two years, belore the present
tests at JPL..

3.0: Test Protocol

Onc of the objectives of the presentexperimeatal
study iSt0 generate data base ON the peiformiinee
of Ni-H; cell under various testconditionsfin a
comparison with the simulations and thus a
validation of the model, Such dataarc not
available in the literature. For example, v 1S
essential to scparate the chargeung dischage
efficicncics at various rates andteimperataree If
the charges and discharges aic cariicd onl @ the
samc temperaturcs, @S has been done in the
literature, it is hard to separatc the incfhoictics
setting in during charge fiom those ox 2uiging in
the subscquent discharge. “1 ‘hetestpsolixol
chosen for this study therefor¢ consiues chages
at various temperatures and rates followed by
discharges under standard conditions {77 a110
°C) and discharges at various 1 ates and
taperatures  after char ges  under  slaniad
conditions (C/10 @10 “C).

4.0: Performance characteristics :
Experimental vs. Simulation s

4.1 Dischar ge Behavior

Fig. Lillustrates the typical discharge behavior of
the SO Ah Ni-}, eellal 2 h (C/2) rate, at 10 °C.
T'he ¢el | voltage drops rather sharply in the initial
stage of discharge arid levels off later on, around
1.25 V. The cell pressure falls linearly during
the discharge fiom an initial value of- 750 psi to
about 75 psi.

‘The simulated discharge behavior under these
conditions is shown by the dashed line in Fig.1.
As may be seen from the figure, there is an
excellent agr cement between the measured and
predicted discharge potentials.  In order to
achicve as pood au accuracy in the predictions, it
iS1equired tO incorporate @ mul(i-phase reaction
mcchanism for the positive clectrode. 1t is well
known that nickel oxyhydroxide exists in two
phascs, i.e, P-NiOOI | and y-NiOOH. The
former is the conventional, more stable form,
whereas the latter forms essentialy during
overicharge. ‘1 hereversible potentials of these
phasc arc about 60 mV apart,’ which results in
sloping discharge curves in the initial stages. For
the above simulations, the proportion of the y-
phasc is ~ 90% and the reduction kinetics of the
y-NiOOB arc marginally slow (1.0 X 10 as
compared to 2.0 x 1()-4 A/cm? for the p-NiOOH)
but the diffusional kinctics and the ohmic effects
arc identical for both the phases.

4.2 Charge Characteristics

The typica charge behavior of the Ni-H; cell is
illustrated i Fig. 2. Once again, the pressure
increases lineally in the course of charge and
levels ofT @ the end of charge, i.c., during oxygen
cvolution and recombination, as evident from the
voltage profile The simulated charge behavior is
sliown by the dashed linein Fig. 2. Once again,
there is agood agreement between the predicted
and the obsci ved charge voltages, especially in
theinitial pastions of charge, which was found to
be difficult to obtai n with single phase of nickel
oxyhydroxide couple.  In the latter stages of
charge, i .c., during overcharge, however, there is
some divergence in the predicted and observed
voltages. This is atiributed to the fact that the
stmulations were carticd out under isothermal
conditions. Since the Joll-over in the cell voltage
is 1¢lated to the exothermicity of the oxygen



cvolution/recombination  process, 1l ¢ b
appropriately modeled by mncoporatimgacontahile
thermal model as developed carlict fo (h-Cd
The development of similar model for the presnt
Ni-H; cell is underway.

4.3 Discharge at Different Rates

‘The discharge behavior of the Ni- | L ecllaa
function of discharge rate, at 10" Cfollowap
charges under similar conditions, i ¢. C+ 1(1for16
hat 10 °C, is shown in Fig.3A ‘1 he dischnepe
curves show little change vpon chanping therte
from 5 A (C/10) to 25 A (('/2). ‘1 hearpaity
drops by -~ 4 % from the lowcsi to thehiphestiste
studics. Such curves were gencrated bath 10 °C
and 20 °C. Interestingly, the capacity is tathicr
low atlow drains (C/10 or 5 A) in thelaticr cise
(Fig.3B), which is attributed to the self div herpe
occurring at comparable rate. In sepa ratc te s,
the ccll was found to losc aboulls % over 10
days at 10 °C compared to ~ 28 % n (.5 day- at
20 “c.

The simulated discharge curves alsoindiic
similar effect on the discharge current “Lhconly
significant difference is that the capacity los- at
low rates is not as prominent asinthe
cxperimental data (Fig. 3B). Thisis d u: tothe
fact that the present model docsiittakeinto
account the sclf-discharge of the ¢l (h coring
in background, which is being impleimcatsnow,

4.4 Discharge at Different Temperatures

The effect of the discharge temptatiic o1 the
discharge behavior of the Ni-H; i< illustiatedin
Figs. 4. The charges preceding these dischy pes
were carried out under identicat condiiions, ) C.,
at /10 for 16 hours at 10 °C, and the discharges
at C/5 at the sclected temperatore. ‘I'hesimul ted
discharge curves at various tcmpctituics are
shown in Fig. 4B. These simulation< wncanied
out by using an appropriate setof viii 1ic: for the
temperature  cocflicicnts of va 110, 15 10 Kl
paramelers, such as cxchanpes cune ats,
clectrolyte and clectrode conductiv ihe < and
diffusion cocflicients, as donc catlicifan Ni-¢d*,
As may bc seen from Figs 4A &isthuicis a
fairly good agrecment betwec the predicied aud
observed discharge behavior st dificent
temperatures. The simulated discharge caprity,
is, however, lower than the experitentadyalues

4.S Charge at Different Rates

In order to exarnine the charge cfficiency of the
Ni-1}; cel | at various charge rates, charging of the
cell hasbeen canried out at different rates,
followed by discharges under similar conditions,
i C., atC/2at 10 °C.Fig.5 shows the charge
curves a various rates, i.c., at 020, C/10, C/5,
(/2and C. At the highest rate studied (C rate),
the cell wasn’tcompletely charged duc to the
immposed limits cm the charge voltage and ccll
pressure.  Interestingly, in the corresponding
discharge curves, the sloping portion is not as
prominent. Vhe simulated charge curves as a
function o {ratc arc shown in Fig.5B. The charge
cfficicncy has been calculated based on the
capacitics in the subsequent discharges (Fig. SC).
It may be scen fiom Fig. SC that the charging
process is more efficient a high rates., which
may be attributed to the improved current
cfficiency for the. charging of the Ni(OH),
clectrode at high rates.

4.6. Cha rge a Different Temperatures

‘the efficicncy in charging of the Ni-H,cell a
various temperatures has been determined from a
series of char ges at various selected temperat ures,
and fromsubscquent discharges under similar
conditions, i.c., a C/2 at10°C. Fig. 6 shows the
char ge curves at various temperatures, i.e., at -20,
-10, O, 10,20 and 35 °C. Asmaybc scen from
the figure, the charge voltage increases with a
decrcase in the temperature, Interestingly, the
roll-over becomes more prominent at low
temperatures, which may bc related to the
exotherinicity of oxygen evolution/ recombination
processes. Furthenmore, there is a distinct sccond
platcau in the charge voltage before the roll-over
duc 1o oxygen evolution, This may be ascribed to
the electrochemical conversion oOf 3-Ni(O1H), to y-
Ni(OHy,. Once again, using appropriate
temperatore cocfficiemts for the temperature
coeflicients for the kinctics processes, such as
exchange cunent densitics, clectrolyte/clectrode
1esistivities and diffusion cocfficients, wc arc able
to simulate this behavior in a Ni-H, cdll (Fig.
oB). The eflicicney in the charging of the Ni-H,
cellis caleulated from the subsequent discharges
(Fig 60C). Iis evidem from the figure that the
charging  process  beecomes  cfficient a t
temperatmes below 10 °C. At higher




temperatures, the efficicney drops rathier sharply,
duc to t h e parasitic oxygen cvolution a the
Ni(OH); clectrode,

5.0 Conclusions

Useful  databasc  on the  por[ minance
characteristics of a Ni-1,; cell has becn poncrated,
usinga 50 AWIPV celt of taple-Pihe i The
results  indicate the  optinum 1an es of
discharge/cha rge currents and ton enties and
provide a support to the on-going i honatical
modcling  activity in (s of - Cwosing
appropriate values for the rode! i iucters,
Reasonably good agrecuent has boen ¢'werved
between the experimental data and sin Jlation
from the mathematical model for Wi, ol The
charging behavior at low temporaturcsreveals the
possibility Of electrochemical conversion of B-
NiOOH into the correspondi ng y- for mbelore the
Onset of oxygencvoluti on/iccon:binatin, as
demonstrated by the simulations. Jurthe: basic
clectrochemical studies arcundorway te verify
this mechanism.
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